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I .  INTRODUCTION 


Dissociation  rates  of  diatomic  molecules  have  been  calculated  by 
several  authors,  who  solved  the  master  equations  using  either  the 
vibrational-level  model or  the  rotational -level  model . ^ ^  The 
master  equations  require,  as  input,  state-to-state  rate  coefficients  for 
vibrational  and  rotational  relaxation  and  for  dissociation  from  specific 
vibrational  levels.  The  vibrational  relaxation  transition  rates  have  been 
obtained  from  modified  versions  of  Schwartz-Slawsky-Herzfeld  (SSH)  theory^^ 
in  several  studies,  in  which  these  rates  were  used  to  calculate  vibrational 
nonequilibrium;  the  rotational  effects  were  neglected.  It  has  been  shown 
theoretically^ and  experimen tally that  SSH-like  theories  are 
unable  to  estimate  vibrational  transition  rates  for  highly  excited  diatomic 
molecules.  Other  studies^*^^"^^  have  used  information  theory^^  to 
calculate  the  vibrational  transition  rates;  however,  the  validity  of  this 
method  in  highly  excited  states  is  not  clear. The  general  conclusion 
of  master  equation  studies^ is  that  the  rotational  energy  states 
must  be  considered  in  order  to  account  for  vibrational  relaxation  as  well 
as  dissociation,  within  the  framework  of  a  single  model.  Haug  and 
Truhlar  '  stated  that  a  successful  model  must  not  assume  that  rotation  is 
completely  equilibrated  for  each  v-level  or  that  vibration  is  completely 
equilibrated  for  each  J-level.  Dove  and  Raynor^  concluded  that  thermal 
dissociation  should  be  viewed  as  a  vibrational-rotational  ladder-climbing 
process. 

Modeling  the  dissociation  of  diatomic  molecules  has  been  hampered  by  a 
lack  of  rate  coefficients  for  dissociation  out  of  specific  vibrational 
states.  Two  models  have  been  used  extensively.  One  model  assumes  that 
diatomic  dissociation  occurs  only  from  the  bound  level  close  to  the 
rotationless  dissociation  limit, ^ as  in  the  ladder-climbing 
model;  ’  the  other  model  assumes  that  molecules  can  dissociate  directly 
from  all  vibrational  levels. Blais  and  Truhlar^^  have  shown  that 
most  of  the  dissociation  occurs  from  states  within  kT  of  the  dissociation 
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limit.  Burns  and  co-workers^^"^"^  found,  in  their  studies  of  dissociation 
of  Br2  and  I2  with  rare  gases,  that  most  of  the  dissociation  comes  from 
states  within  a  few  kT  of  the  dissociation  limit.  Similar  results  were 
found  by  Burns  and  co-workers^®“^®  for  the  reverse  recombination  reactions; 
their  studies  show  that  the  primary  requirement  for  dissociation  of  a 
diatomic  molecule  is  high  internal  energy  and  that  molecules  with  low 
vibrational  energy  can  contribute  to  the  dissociation  process.  Similar 
results  have  been  reported  by  Dove  and  Raynor^  and  Wilkins^ ^  in  their 
trajectory  studies  of  dissociation  of  H2  by  He  and  XeF  by  He,  respec¬ 
tively.  The  major  role  in  dissociative  collisions  is  played  by 
dissociating  molecules  having  total  internal  energy  close  to  the 
dissociation  limit  and  having  substantial  amounts  of  both  rotational  and 
vibrational  energy.  Although  these  models  for  dissociation  differ 
radically,  the  total  dissociation  rate  obtained  from  master  equation 
solutions  was  often  in  agreement  with  experiments.  Agreement  with 
experiment,  however,  does  not  ensure  the  validity  of  a  model.  More 
accurate  vibrational  transition  and  dissociation  rates  are  needed.  Truhlar 
and  co-workers^  solved  the  vibrational  master  equation  for  the  H2-Ar 
system,  where  all  of  the  required  rate  coefficients  were  calculated  from 
quasiclass ical  trajectory  calculations.  The  vibrational  nonequilibrium 
dissociation  rates  were  30%  less  than  the  equilibrium  dissociation  rates. 
The  nonequilibrium  dissociation  rates  of  Br2-Ar  collisions  were  calculated 

by  Burns  and  co-workers^^~^^  using  the  multiple-collision  trajectory 
U2 

method,  in  which  vibrational  and  rotational  effects  were  included.  The 
vibrational  and  rotational  populations  at  steady  state  were  not  obtained  in 
their  calculations.  Koshi  et  al.^®  have  employed  the  quasiclassical 
trajectory  method  to  calculate  vibrational  transition  rates  emd 
dissociation  rates  from  specific  vibrational  levels  for  the  Br2-Ar  and  the 
Br2-Br  systems.  They  found  that  the  vibrational  transition  rates  in  the 
highly  excited  vibrational  states  were  quite  different  from  those  predicted 
from  SSH-llke  theories.  In  a  more  recent  article,®  they  computed  the  full 
vibrational  transition  rate  matrix  for  the  preceding  two  systems  using  a 
moment  analysis**®"^®  of  the  classical  trajectory  results.  Vibrai,i''nil 
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nonequillbrium  distributions  and  the  dissociation  rates  for  the  Br2-Ar  and 
Br2-Br  systems  were  obtained  from  a  steady  state  solution  of  the  master 
equation . 

In  a  previous  paper,  Wilkins^ ^  reported  on  quasiclassical  trajectory 
calculations  for  the  XeF-He  system.  Thermally  averaged  rate  coefficients 
were  calculated  for  vibrational  and  rotational  transitions  and  dissociation 
out  of  specific  vibrational  states.  It  was  found  that  relaxation  and 
dissociation  occur  by  multiquanta  (v,  J)  transitions  and  that  dissociation 
can  take  place  from  all  v- levels,  provided  that  the  total  internal  energy 
of  the  XeF  molecule  is  near  the  rotationless  dissociation  limit  of  ground 
state  XeF.  It  was  found  that  strong  vibration-rotation  coupling  occurs  in 
vibrational  relaxation  and  dissociation  processes.  Gelb,  Kapral,  and 
Burns^^  have  discussed  the  strong  vibration- rotation  coupling  that  occurs 
in  dissociative  collisions  of  highly  energized  diatomics. 

The  XeF  ground  state  kinetics  in  helium  and  neon  have  been  measured  at 
room  temperature  by  Fulghum  et  al.^®“^^  zuid  Gower  et  al.^^  and  at 
temperatures  between  23  and  95°C  by  Bott  et  al.^^  These  experiments 
provide  total  decay  rates  or  quenching  rates  and  not  the  state-to-state 
rate  coefficients  required  in  the  kinetic  modeling  of  XeF  laser 
performance.  Fulghum  et  al.^^  developed  two  models  to  extract  state-to- 
state  vibrational  relaxation  and  dissociation  rates  from  their  experimental 
data  using  the  information  theoretic  approach  of  Procaccia  and  Levine^**  to 
represent  the  vibrational  relaxation  rate  coefficients. 

The  purpose  of  this  research  is  to  study  both  the  temperature  and  v- 
dependences  of  the  rate  coefficients  for  the  coupled  vibrational  relaxation 
and  dissociation  of  XeF  ground  electronic  state  in  the  presence  of  neon. 
Attempts  to  model  the  performance  of  XeF  excimer  lasers  have  been  hampered 
severely  by  a  lack  of  knowledge  of  the  vibrational  transition  rates  and 
rate  coefficients  for  dissociation  from  specific  vibrational  levels. 
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II.  COMPUTATIONAL  PROCEDURE 


The  quasiclassical  Monte  Carlo  trajectory  method  has  been  described  in 
a  previous  paper, and  only  a  brief  description  is  provided  in  this 

1  O  1 

report.  The  vibrational  and  rotational  energy  levels  of  -*  XeF  are 
calculated  from  the  spectroscopic  data  given  by  Tellinghuisen  et  al.,^^  and 
the  vibration-rotation  energy  level  diagram  was  presented  in  a  previous 
paper. Calculations  are  carried  out  for  nine  vibrational  states,  v=0 
through  v=8,  and  for  rotational  states  J=0,  10,  20,  30,  40,  and  50.  A 
minimum  of  400  trajectories  are  calculated  for  each  (v,  J)  state  of  XeF  at 
seven  collision  energies,  starting  from  0.5  through  6.5  kcal/mole,  in 
intervals  of  1.0  kcal/mole.  The  value  of  the  maximum  impact  parameter  is 
assumed  to  be  12.4  Sq.  A  value  of  18.0  Sq  is  assumed  for  the  initial 
relative  separation  of  the  Ne  atom  and  the  center  of  mass  of  the  XeF 
molecule.  The  actual  technique  for  calculating  the  partitioning  of  the 
internal  energy  of  the  product  species  has  been  described  adequately^^’^^ 
and  will  not  be  repeated  here.  The  trajectory  product  pair  is  counted  as 
dissociated  if  its  internal  energy  exceeds  the  height  of  the  rotational 
barrier  or  if  the  internuciear  separation  of  the  product  pair  exceeds  7.0 
aQ. 

The  potential  employed  here  for  Ne-XeF  interaction  is  constructed  by 
summing  pairwise  functions,  a  Morse  function  for  the  XeF  interaction  and  a 
Lennard-Jones  function  for  the  NeXe  and  the  NeF  interactions.  The  values 
of  the  Morse  potential  parameters  for  XeF  are  taken  from  Tellinghuisen  et 
al.^^  The  values  of  the  Lennard-Jones  parameter  for  NeF  interactions  are 
taken  from  Thompson,^®  and  the  values  for  NeXe  interactions  are  calculated 
using  the  theoretical  data  provided  by  Svehla.®^  The  parameters  for  the 
Morse  potential  and  the  Lennard-Jones  potentials  are  listed  in  Table  I. 
These  parameters  for  the  Lennard-Jones  potentials  produce  the  potential 
curve  for  NeXe  interaction  that  compares  favorably  with  one  reported  by 
Schneider®®  in  his  study  of  potential  curves  of  xenon  with  other  rare  gas 
atoms.  Schneider  used  the  model  for  the  forces  between  closed  shell  atoms 
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TABLE  I.  Potential  parameters. 


Morse  Function  (XeF)^ 

Dg  =  3.35  kcal/mole 

a  =  1.726  a.  u."’ 
e 

rg  =  4.367  a.  u. 


Lennard 

Jones  Function^ 

Pair 

e(eV) 

o(a.u. ) 

NeF 

0.003460 

5.223 

NeXe 

0.007097 

7.174 

^Reference  56. 
^References  58  and  59. 
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developed  by  Gordon  eind  Kim^^  to  investigate  the  ground  state  potential 
energy  curves  of  Xe-Xe,  Xe-He,  Xe-Ne,  Xe-Ar,  and  Xe-Kr.  Schneider  found 
agreement  between  the  experimentally  determined  values  of  the  distance 
between  the  nuclei  at  the  potential  minimum  and  the  depth  of  the  potential 
well.  The  agreement  was  very  good  considering  the  simplicity  of  the 
calculations.  The  parameters  used  to  construct  the  potential  surface  for 
Ne-XeF  interaction  are  not  chosen  by  matching  any  experimental  data  on  XeF 
kinetics.  The  repulsive  part  of  this  potential  is  the  most  critical 
feature  that  affects  the  vibrational  relaxation  and  dissociation. 
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III.  DISCUSSION  AND  RESULTS 


A.  COLLISION  DYNAMICS 

Figure  la  exhibits  typical  coll is ion- induced  dissociation  reaction 
between  an  Ne  atom  and  an  XeF  molecule  in  the  (v=4,  J=15)  state  at  a 
relative  translational  energy  of  1399.35  cm"^.  This  trajectory  corresponds 
to  a  reactive  collision,  In  which  translational  energy  is  converted  into 
vibrational  and  rotational  energy  sufficient  to  completely  dissociate  the 
molecule.  With  this  (TV  +  TR)  mechanism  for  dissociation,  the  molecule 
climbs  a  vibration-rotation  ladder. 

Figure  1b  exhibits  the  other  type  of  collision  that  is  observed  on 
this  surface  that  could  lead  to  dissociation.  This  trajectory  corresponds 
to  a  nonreactlve  Inelastic  collision,  in  which  Initial  vibrational  energy 
is  converted  into  rotational  energy,  and  initial  translational  energy  is 
converted  into  rotational  energy.  With  this  (VR  +  TR)  mechanism  for 
dissociation,  the  XeF  molecule  climbs  a  rotational  ladder.  A  quasibound 
molecule  is  formed,  since  the  total  internal  energy  of  the  molecule  is 
above  the  rotationless  dissociation  energy  of  XeF  and  below  the  centrifugal 
barrier  corresponding  to  the  final  J  state.  The  molecule  can  dissociate  by 
tunneling  through  this  rotational  barrier,  or  the  molecule  can  dissociate 
without  tunneling  if  its  lifetime  is  short  compared  to  the  mean  time 
between  collisions.  This  analysis  includes  both  the  unbound  states  and  the 
quasibound  states  as  dissociative  states. 

Table  II  lists  the  percentage  of  collisions  that  results  in 
vibrational  relaxation  and  dissociation  processes.  The  p>ercentages  for 
each  (v,  J)  state  were  obtained  from  the  calculations  for  400  random 
collisions  at  an  initial  relative  translational  energy  of  3.5  kcal/mole. 
There  are  three  mechanisms  for  dissociation.  Each  mechanism  involves  the 
climbing  of  a  vibration  or  rotation  ladder.  The  (TV  ♦  RV)  mechanism  is  one 
in  which  translational  and  rotational  energy  promote  dissociation  by 
Increasing  the  vibrational  energy  of  the  molecule.  This  mechanism  promotes 
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Fig.  1.  (a)  Typical  Collision- Induced  Dissociation  of  Ne  +  XeF(v=4,  J=15)  -► 

Ne  +  Xe  +  F  on  a  Potential  Energy  Surface  for  Collisions  of  XeF 
Molecules  with  Ne  Atoms.  Roq  is  the  internuclear  distance  between 
Xe  and  F  atoms;  R^2  the  Internuclear  distance  between  the  Ne  and 
Xe  atoms.  The  energy  contours  are  in  units  of  kcal/mole,  and  the 
Ri  .  are  in  units  of  A.  The  value  of  the  initial  =  4.0 

kcal/mole.  For  this  system,  the  dissociating  mechanism  is  (TV  + 
TR).  The  XeF  molecule  climbs  a  vibration-rotation  ladder,  (b) 
Typical  Inelastic  Collision  of  Ne  XeF(v=4,  J  =  15)  ♦  Ne  +  XeF(v=2, 
J=73).  The  initial  E-fRans  ”  kcal/mole.  For  this  system,  the 
dissociating  mechanism  is  (VR  TR).  The  XeF  molecule  climbs  a 
rotational  ladder. 
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TABLE  II.  Typical  relaxation  and  reaction  meclSnisms  for 
Ne  +  XeF(v,  J)  collisions.® 


Vibrational  Relaxation  Dissociation  (Reaction) 


V 

J 

VR+VT 

VR+TR 

VT+RT 

TV+RV 

VR+TR 

TV+TR 

3 

0 

2.00 

3.00 

0.00 

0.00 

0.75 

1.50 

3 

10 

3.00 

3.25 

0.25 

0.00 

0.75 

1.50 

3 

20 

3.00 

3.25 

0.25 

0.00 

1.00 

1.75 

3 

30 

1.75 

3.25 

0.50 

0.00 

2.25 

1.00 

3 

40 

2.25 

2.75 

2.50 

0.00 

3.00 

1.75 

3 

50 

3.00 

1.50 

4.00 

0.75 

6.50 

4.00 

5 

0 

4.75 

1.75 

0.00 

0.00 

3.00 

1.75 

5 

10 

2.25 

1.50 

0.75 

0.00 

2.75 

3.00 

5 

20 

4.75 

4.00 

1.75 

0.25 

3.00 

3.00 

5 

30 

2.75 

3.75 

2.00 

0.75 

7.50 

2.50 

8 

0 

4.25 

7.25 

0.00 

0.00 

7.75 

5.50 

8 

10 

3.75 

7.75 

2.50 

1.25 

7.25 

6.50 

8 

20 

3.25 

10.50 

0.00 

2.25 

28.50 

4.25 

®The  initial  relative  translational  energy  is  3.5  kcal/mole.  Each  number 
under  a  column  representing  a  relaxation  or  reaction  mechanism  is  the 
percent  that  mechanism  occurs  out  of  400  random  collisions. 
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dissociation  by  a  vibrational  ladder-climbing  process  and  is  not  the  most 
important  mechanism  for  dissociating  XeF.  The  second  mechanism  for 
dissociation,  (VR  +  TR),  is  one  in  which  one  or  more  quanta  of  initial 
vibrational  energy  is  converted  into  rotational  energy,  amd  initial 
translational  energy  is  converted  into  rotational  energy.  This  mechanism 
exhibits  strong  vibration-rotation  coupling,  and  the  XeF  molecule  climbs  a 
rotational  ladder.  The  third  mechanism  for  dissociation,  (TV  +  TR),  Lc  ore 
in  which  the  molecule  climbs  a  vibration-rotation  ladder.  The  (TV  +  TR) 
mechanism  is  important  at  low  and  intermediate  v-levels  but  assumes  less 
importance  at  higher  v-levels  with  increasing  J-levels.  The  mechanisms  (VR 
+  TR)  and  (TV  +  TR)  are  the  key  mechanisms  for  dissociation.  In  summary, 
dissociation  occurs  by  vibration-rotation  ladder-climbing  mechanisms  with 
strong  vibration-rotation  coupling. 

Table  II  also  shows  the  percentage  of  collisions  that  results  in 
vibrational  relaxation.  The  three  vibrational  relaxation  mechanisms  are 
(VR  +  TR),  (VR  +  VT),  and  (VT  +  RT).  In  the  (VR  +  TR)  mechanism,  the 
molecule  climbs  a  rotational  ladder,  but  the  final  total  internal  energy  is 
below  the  rotationless  dissociation  limit.  At  higher  v-levels,  the  (VR  + 
TR)  mechanism  becomes  the  most  important  vibrational  relaxation  mechanism 
with  increasing  J-levels.  The  second  most  important  mechanism  for 
vibrational  relaxation  is  the  (VR  +  VT)  mechanism.  The  third  mechanism  for 
vibrational  relaxation  is  the  (VT  +  RT)  mechanism.  This  mechanism  becomes 
more  Important  at  low  v-levels  with  increasing  J-levels  and  becomes  less 
important  at  intermediate  and  high  v-levels  with  increasing  J-levels. 

B.  STATE-SPECIFIC  RATE  COEFFICIENTS 

Multiquanta  vibrational  transitions  occur  in  the  vibrational 
relaxation  processes.  Figure  2  exhibits  the  temperature  dependences  of  the 
state-to-state  rate  coefficients  for  vibrational  relaxation  processes 
exhibiting  single-quantum  vibrational  transitions.  At  room  temperature, 
the  vibrational  relaxation  rates  for  XeF  in  helium^^  are  more  efficient 
than  in  neon;  for  direct  dissociation  of  XeF,  the  rates  for  neon  are  more 
rapid  than  those  for  helium.  In  a  previous  paper,  Wilkins^^  compared  the 
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Temperature-Dep)endent  Vibration  Relaxation  Rate  Coefficients  for 
Single  Quantum  Transitions  for  Ne  ♦  XeF(v)  Collisions 
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rate  coefficients  for  these  relaxation  and  dissociation  processes  of  XeF  in 
He  with  results  obtained  from  a  model  used  by  Fulghum  et  al.^^  The  mass 
effect  becomes  less  important  with  increasing  temperature.  Bott  et  al.^^ 
found,  at  room  temperature,  that  helium  and  neon  remove  XeF  population  from 
XeF(v=1  or  v=2)  at  about  the  same  removal  rate.  They  found  that  the 
removal  rate  coefficients  for  argon  were  faster  by  25t.  The  required 
temperature  dependent  rate  coefficients  for  multiquanta  vibrational 
relaxation  and  collision-induced  dissociation  from  specific  v-levels  are 
listed  in  Tables  III  and  IV,  respectively.  The  vibrational  relaxation  rate 
coefficients  increase  with  both  increasing  temperature  and  v-levels,  but 
they  do  not  exhibit  the  v"  dependence  that  is  observed  in  relaxation  of  HF 
by  several  diluents. 

Figure  3  exhibits  the  temperature  dependences  for  the  dissociation 
rate  coefficients  from  v=0  to  v=8  calculated  from  the  trajectory  study. 
Dissociation  from  v=0  is  a  very  ineffective  process  at  low  temperatures  but 
becomes  more  probable  with  increasing  temperature  and  v-level.  The 
molecule  can  dissociate  from  any  v-level  if  it  has  total  Internal  energy 
close  to  the  dissociation  limit.  This  can  be  achieved  with  either  an 
initial  high  rotational  quantum  number  and  an  initial  low  vibrational 
quantum  number  or  vice  versa. 
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TABLE  III.  State-to-state  rate  coefficients  for  vibrational  relaxation 
from  a  specific  v-level  of  XeF(v)  by  Ne. 
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TABLE  IV.  Rate  coefficients  for  dissociation  of  a  specific  v-level 

of  XeF  in  collision  with  Ne. 


koiss  (v:T)  =  Av  e  cm^/(molecule  sec) 


V 

-logio(Av) 

n 

E 

cal/mole 

9.7931 

-0.138 

3798.5 

1 

9.1519 

-0.467 

2759.9 

2 

9.1731 

-0.391 

2316.2 

3 

10.8902 

0.188 

1267.2 

4 

10.2358 

0.025 

1184.3 

5 

10.1240 

0.051 

1026.4 

6 

9.6099 

-0.041 

877.0 

7 

10.0150 

0.100 

763.1 

8 

9.5934 

0.027 

358.1 
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IV.  SUMMARY 


»  A  quasiclassical  trajectory  analysis  has  been  used  to  calculate  the 

vibrational  relaxation  and  collision-induced  dissociation  rates  from 
specific  vibrational  levels  of  XeF  in  collision  with  Ne.  The  state- te¬ 
state  rate  coefficients  provided  in  this  report  can  be  used  to  study  model 
simulations  of  output  efficiency  and  multilevel  laser  oscillation  in  XeF. 
This  study  predicts  a  mechanism  favoring  dissociation  from  high  vibrational 
levels  but  low  rotational  levels  or  from  low  vibrational  levels  with  high 
rotational  levels.  The  major  role  in  dissociation  is  played  by  molecules 
having  total  internal  energy  close  to  the  dissociation  limit.  This  study 
predicts  strong  vibration-rotation  coupling  in  both  vibrational  relaxation 
and  in  dissociation  processes. 
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LABORATORY  OPERATIONS 


The  Aerospac?  Corporation  functions  as  an  "architect-engineer"  for 
national  security  projects,  specializing  tn  advanced  military  space  systems. 
Providing  research  support,  the  corporation's  Laboratory  (Operations  conducts 
experimental  and  theoretical  investigations  Chat  focus  on  Che  application  of 
scientific  and  technical  advances  to  such  systems.  Vital  to  Che  success  of 
these  investigations  la  the  technical  staff's  wide-ranging  expertise  and  Its 
ability  to  stay  current  with  new  developments.  This  expertise  is  enhanced  by 
a  research  program  aimed  at  dealing  with  the  many  problems  associated  with 
rapidly  evolving  space  systems.  Contributing  their  capabilities  Co  Che 
research  effort  are  these  Individual  laboratories: 

Aerophyslcs  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  heat 
transfer  and  flight  dynamics;  chemical  and  electric  propulsion,  propellant 
chemistry,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
spacecraft  structural  mechanics,  contamination,  thermal  and  structural 
control;  high  temperature  chermomechanlcs,  gas  kinetics  and  radiation;  cw  and 
pulsed  chemical  and  excimer  laser  development  Including  chemical  kinetics, 
spectroscopy,  optical  resonators,  beam  control,  atmospheric  propagation,  laser 
effects  and  countermeasures. 

Oemistry  and  Physics  Laboratory;  Atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  atate-speclf ic  chemical  reactions  and 
radiative  signatures  of  missile  plumes,  sensor  out-of -fleld-of -view  rejection, 
applied  laser  spectroscopy,  laser  chemistry,  laser  optoelectronics,  solar  cell 
physics,  battery  electrochemistry,  space  vacuum  and  radiation  effects  on 
materials,  lubrication  and  surface  phenomena,  thermionic  emission,  photo¬ 
sensitive  materials  and  detectors,  atomic  frequency  standards,  and 
environmental  chemistry. 

Computer  Science  Laboratory:  Program  verification,  program  translation, 
perforiaance-sensltlve  system  design,  distributed  architectures  for  spaceborne 
computers,  fault-tolerant  computer  systems,  artificial  Intelligence,  micro¬ 
electronics  applications,  communication  protocols,  and  computer  security. 

Electronics  Research  Laboratory:  Hlcroelectronlcs ,  solid-state  device 
physics,  compound  semiconductors,  radiation  hardening;  electro-optics,  quantum 
electronics,  solid-state  lasers,  optical  propagation  and  communications; 
microwave  semiconductor  devices,  microwave/mllllmeter  wave  measurements, 
diagnostics  and  radiometry,  mlcrowave/milllmeter  wave  thermionic  devices; 
atomic  time  and  frequency  standards;  antennas,  rf  systems,  electromagnetic 
propagation  phenomena,  space  communication  systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals, 
alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  non¬ 
destructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  analysis  and  evaluation  of  materials  at 
cryogenic  and  elevated  temperatures  as  well  as  in  space  and  enemy-induced 
environments. 

Space  Sciences  Laboratory;  .Magnetospherlc,  auroral  and  cosmic  ray 
physics,  wave-particle  Interactions,  magnetospherlc  plasma  waves;  atmospheric 
and  Ionospheric  physics,  density  and  composition  of  the  upper  atmosphere, 
remote  sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy, 
infrared  signature  analysis;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth's  atmosphere,  ionosphere  and  magnetosphere; 
effects  of  electromagnetic  and  particulate  radiations  on  space  systems;  space 
instrumentation. 


